The behavioral symptoms associated with Alzheimer's disease (AD) are of intense interest to researchers, clinicians, and caregivers. 1 The relevance of these symptoms has increased with the growing understanding of AD, including the detection of significant psychopathology in persons with mild cognitive impairment (MCI) relative to cognitively intact elderly. 2 MCI may be a prodromal stage of AD, 3 and the observation of psychopathology in persons with MCI that is similar to the psychopathology of AD supports this argument. The 3 most commonly described types of psychopathological symptoms are agitated, depressive/affective, and psychotic. These symptoms are assessed with a wide variety of instruments, 4 but regardless of measurement method,
recent investigations have demonstrated that such symptoms are common and may be interrelated. However, their relationships and their association with the cognitive changes of AD are not yet clearly understood. In the present report, we explored cross-sectional comorbidity of these symptom types in a cohort of AD patients participating in a clinical trial for treatment of agitation.
One factor limiting our understanding of the interrelationships between these symptom types is the inconsistency of the literature reporting comorbidity. This could be due, in part, to the heterogeneity of behavioral symptoms in persons with AD, 5 Lyketsos et al, 8 18%). Between 64% 9 and 97% 10 of patients have been reported to have one or more behavioral symptoms at initial evaluation (see also refs 2, 6-8) . Symptoms may differ in the degree of persistence over time, 9, 10 and
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Alzheimer's Disease some may become more prevalent as the disease worsens (eg, agitation/aggression 8 ).
In the face of these sources of variability in the behavioral disturbances observed in persons with AD, it is not surprising that a relationship between symptoms of agitation and depression has been observed in some studies 6, 11 but not in others [7] [8] [9] [10] 12 ; similarly, relationships of varying degrees between symptoms of agitation and psychosis have been reported by many groups (see refs 6, 7, 9, and 10 and to a lesser extent 12), but a lack of association has also been reported (see ref 8 and also the factor analyses in ref 11) . In summary, across large studies involving caregiverrated behavioral symptoms in persons with AD, depressive and psychotic symptoms have been consistently reported to be independent, [6] [7] [8] [9] [10] 12 but the associations between psychosis, depression, and agitation are not clear. In an attempt to shed further light on this issue, we conducted these post hoc analyses of the baseline behavioral symptoms of a group of community-dwelling persons with AD who were recruited to a randomized, placebo-controlled study of interventions for agitation. 13 The present study was undertaken to determine the distribution and prevalence rates of symptoms of psychosis and depression in a group of agitated AD patients. By studying this "enriched" population, we hoped to establish whether depressive or psychotic symptoms are associated with agitation in AD. A secondary goal was to cross-sectionally examine the relationships of symptoms of depression, agitation, and psychosis to cognitive impairment in AD.
METHODS
The assessment instrument employed was the CERAD Behavioral Rating Scale for Dementia (BRSD 14 ). We examined the individual BRSD item responses from the baseline visit of community-dwelling AD patients who had volunteered to participate in a clinical study. BRSD symptoms were assessed by caregivers for frequency in the month before the baseline visit; BRSD ratings were not used to determine eligibility for the study.
Subjects
This study sample has been described elsewhere. 13 All participants met the National Institute of Neurologic and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders Association criteria for probable or possible AD 15 ; informed consent was obtained for all participants from them and their caregivers. The patients (N = 148) were recruited to a randomized, placebocontrolled clinical trial of pharmacologic (haloperidol, trazodone) treatment or behavior management therapy. Each patient had a history of 2 or more agitated behaviors occurring at least once per week for at least 2 weeks at a severity level that was characterized as disruptive or dis-tressing to the caregiver. 13 Their characteristics are presented in Table 1 . Exclusion criteria for this study were the presence of a major psychiatric disorder in the prior 2 years, lack of reliable caregiver, and inability to withstand a 2-week washout of psychotropic medications for behavioral symptoms.
Materials
The BRSD, administered as a 48-item instrument, 14 was
recoded according to the current 46-item algorithm, 16 in which items pertaining to suicide and self-harm were eliminated due to rarity. The BRSD has established validity and reliability. 11 Items are rated for frequency in the previous month by an informed caregiver. Of the 46 BRSD items, 37 are rated for their frequency in the preceding month; 8 other items elicit yes/no responses describing the symptom in the subject relative to before the onset of dementia, and 1 is nonspecific ("anything else?"). Total BRSD scores range from 0 (no symptoms in past month) to 164 (all symptoms on at least 16 days in past month). These analyses were based on the 37 frequency-rated items that characterize each symptom as occurring "not in the past month" (rated 0), "1-2 days in the past month" (rated 1), "3-8 days in the past month" (rated 2), "9-15 days in the past month" (rated 3), or "16 or more days in the past month" (rated 4). The Mini-Mental State Examination (MMSE) 17 established global cognitive function and includes questions targeting orientation, attention, memory, calculation, and linguistic capacity. Scores range from 0 (worst functioning) to 30 (normal cognitive status). All patient-participants were administered the MMSE and BRSD at their initial visit. The MMSE scores for both groups were stratified into dementia severity levels: 21-30 (mild), 16-20, 10-15, 5-9, and 0-4 (severe). 18 
Statistical Methods
We assessed the presence of symptoms of depression or psychosis based on the items included on the prescribed BRSD subscales. 16 Symptoms of depression included feelings of anxiety, sad appearance, feelings of hopelessness, crying, feelings of guilt, poor self-esteem, and feelings that life is not worth living (items 1, 2, 3, 4, 6, 7, and 8). Symptoms of psychosis included beliefs that the TV characters are real, a dead person is still alive, the house is not home, and auditory and visual hallucinations (items 40, 41, 42, 43, 44, and 45). If a subject endorsed at least one item in a given subscore, that psychopathological domain (eg, depressive symptoms) was considered "present." It should be noted that 1 subject (0.67% of the sample) had "anxiety" as the only symptom of depression. We assessed the presence of agitation by examining the endorsement of a single BRSD item: "Have there been times when [the patient] was agitated or upset?" (item 19). 16 According to the BRSD manual, 16 this item assesses "observable signs of . . . emotional distress" and is distinguished by the emotional component from another item assessing purely motoric agitation, although both may be present. 16(p13) We found that 94.7% of subjects who endorsed the BRSD agitation item (ie, rated it as having occurred at least 3 days in the past month) scored in the "agitated" range (at least 15 points) on the Cohen-Mansfield Agitation Inventory (CMAI) 19 at their baseline visit (see Tractenberg et al 20 for derivation of the "agitated" range of CMAI scores). We also found that 83.7% of participants who scored in the agitated range of the CMAI endorsed the agitation item on the BRSD. We selected this BRSD item for our agitation indicator because it represented a measure of this domain but was the symptom that overlapped the least with the list of symptoms used as entry criteria for the study and does not appear on the CMAI. The BRSD does not have an agitation subscore, so with this item we were able to use the CMAI score to evaluate its utility and measure associations between symptoms of depression, psychosis, and agitation using a single instrument. Logistic regression was used to evaluate the likelihood that subjects exhibiting symptoms in one domain would also exhibit symptoms in another. We controlled for 3 covariates: age, MMSE, and gender, as well as the presence of symptoms in the third behavioral domain in each regression analysis.
RESULTS
We found that 69.3% of this group of AD patients had one or more symptoms of psychosis, 78.4% had one or more symptoms of depression, and 77.6% had agitation as assessed by the BRSD. (The BRSD was not used as an intake instrument for this study, so we would not anticipate that 100% of the subjects would appear agitated by BRSD-based criteria.) Only 18.0% of subjects had symptoms in only 1 domain; 27.3% had symptoms in 2 domains, and 51.1% had all 3 symptom types, supporting the decision to control for the presence of symptoms in the third domain when assessing the association between symptoms in the other two.
The results of the regression analyses are presented in Table 2 . After controlling for the presence of agitation and the other covariates, we found a significant association between symptoms of psychosis and depression (χ 2 = 10.0, P < .01). Individuals with psychotic symptoms were nearly 5 times more likely than individuals without psychosis to have symptoms of depression (odds ratio [OR] = 4.9; 95% confidence interval [CI] = 1.8-13.1). After controlling for the presence of depressive symptoms and the other covariates, the likelihood of psychotic symptoms was higher, but not significantly so, in persons with agitation than in those without (χ 2 = 2.78, P = .1; OR = 2.2;
95% CI = 0.87-5.4). After controlling for the presence of psychosis and the other covariates, no association between symptoms of depression and agitation was found (χ 2 = 0.46, P = .50; OR = 1.4, 95% CI = 0.53-3.7). We also found that when symptoms of agitation and depression and the other covariates were controlled for, higher MMSE score (less dementia) conferred a significantly but only marginally lower risk of psychotic symptoms (χ 2 = 27.6, P < .001; OR = 0.90; 95% CI = 0.85-0.96).
After controlling for the other symptoms and covariates, associations between the MMSE and agitation or depressive symptoms were not significant. We next examined each of the 8 possible combinations of symptoms. Table 3 indicates the relative prevalences of each symptom type and their combinations. Symptoms of psychosis alone were rare (2.9%), while similar proportions of patients exhibited only agitation (7.9%) or only depressive symptoms (7.2%). The most common combination (51.1%) was the presence of symptoms in all 3 domains. Table 4 presents each domain by MMSE level. The prevalence of psychotic symptoms increases fairly monotonically as MMSE decreases, as can be seen in Figure 1 . Figure 1 shows that the proportion of the group endorsing symptoms of agitation and depression are fairly stable across MMSE levels.
In Table 5 , the basis of the association between the presence of psychotic symptoms and MMSE can be seen. Greater proportions of the cohort with lower MMSE-based severity levels exhibited less comorbidity, and only individuals with the lowest MMSE scores had symptoms of psychosis without comorbid symptomatology.
Most individuals with MMSE scores ≤ 10 (52.5%) had all 3 symptom types, as did nearly 43% of the subjects with MMSE scores between 16 and 30.
DISCUSSION
In this sample of AD patients with significant levels of agitation at baseline, we found that symptoms of depression and psychosis were significantly associated but depressive symptoms and agitation were not. We also found that agitation and symptoms of psychosis were not significantly associated (see Table 2 ). The relationships of agitation and depressive or psychotic symptoms have been inconsistently characterized across the literature describing persons with mild to moderate AD. However, symptoms of psychosis and depression have consistently been reported to be analytically independent [6] [7] [8] [9] [10] 12 ; in this sample, we found considerable comorbidity as well as significant association between these 2 types of symptoms. Among the large studies involving symptoms in these 3 domains, prevalence of at least 1 symptom ranged from 64.3% 9 to 97% 10 (see also Lyketsos et al 2, 8 ; Levy et al 6 ;
Frisoni et al 7 ) . Only 3.6% of the cohort described here had no symptom in any of the BRSD-based symptom domains, placing these subjects among the most behaviorally disturbed in the literature to date. Some degree of comorbidity of these symptoms in persons with AD has been reported by other groups [6] [7] [8] [9] ; Kunik et al 21 reported comorbidity in persons with dementia (not AD specifically). While we expected agitation to be prevalent in the cohort (given the study into which they were recruited), we did not anticipate nearly 70% comorbidity with symptoms of depression, psychosis, or both (Table 3) .
We found evidence of higher prevalence of psychopathology (psychosis and agitation) at more severe dementia (Tables 4 and 5 ). Conversely, depressive symptoms were found not to be associated with MMSE level, which is consistent with the findings of Devanand et al 9(p261) and, to some extent, Fitz and Teri. 22(p191) Our findings also tend to support the conclusion of Marin et al 10 that the tendency toward depressive symptomatology in persons with AD may not be associated with disease progression. However, no conclusions as to the association between behavioral disturbance and the progression of AD can be drawn because this study was cross-sectional. These cross-sectional trends must be confirmed with longitudinal evaluations. There is some evidence in the literature that at least one aspect of agitated behaviors, physical aggression, is related to depression. In their population-based study, Lyketsos and colleagues 23 found that elderly persons with dementia residing in the community who had more depressive symptoms were also significantly more likely to exhibit symptoms of physical aggression. Furthermore, after adjusting for the presence of mild to severe depression (using an instrument for assessing depression in persons with dementia), they found that symptoms of psychosis and physical aggression were not significantly associated.
Comorbidity of Psychopathology in AD / Tractenberg et al 97 Conversely, Kunik et al 21 reported that baseline (intake) levels of aggressive behaviors were associated with symptoms of psychosis and not depression, while nonaggressive symptoms of agitation were associated with depression in geropsychiatric inpatients with diagnoses of dementia (not AD per se). In the present study, reports of aggressive behavior were extremely rare (ie, mean ratings near "absent" in the month prior to the baseline interview) and so were not specifically examined. It remains to be determined whether the physical aggression signals a distinct aspect of agitation; both were found to be significantly associated with more severe dementia in a recent populationbased study, 2 however, agitation and aggression were treated as one symptom class in that study. Our results suggest that agitation tends to occur with symptoms in other psychopathological domains, but the association between agitation and other symptoms is accounted for by the presence of depressive or psychotic symptoms and other covariates. Agitation may be the most easily observable type of behavioral or psychologic symptom in persons with AD, 5 but our observation of agitation occurring alone (7.9%) in this agitated sample is very close to the population-based estimate of 9% reported by Lyketsos et al. 2 This similarity in prevalence was observed even though persons with 1 symptom from a list of 7 were counted as "agitated" by Lyketsos et al (according to administration rules for the instrument they used) and persons with only 1 symptom were counted as "agitated" in this study. Thus, agitated behaviors in AD patients should be assessed and treated in the context of their other psychopathologic symptoms. One reason for a lack of convergence in findings may be the variety of instruments used and of patients from whom responses were collected across these studies. In addition, different definitions of "presence" of symptoms and even different definitions of symptomatology in the 3 domains studied here could lead to, or account for, different results in terms of the interrelationships between them. Our analyses focused on the presence of symptoms in these 3 domains and not on their severity. This is a sim-ilar approach to that used in other studies 2, 7, 9, 10 and so is not likely the reason for divergent results. We also used the same threshold (at least 1 symptom) for detecting symptoms of psychosis or depression in our study as others have.
2,6-10
The fact that our sample was recruited to a study for the treatment of agitation in AD may limit the generalizability of our findings or be one factor in the differences between our findings and those of others. It is possible that our analyses revealed the associations between symptom types only in AD patients for whom treatment for agitation is likely to be sought; this may suggest that the greatest degree of agitation is observed in AD patients who have psychotic and/or depressive symptoms. We have reported elsewhere 24 that 2 similar groups of patients with AD (1 "nondisturbed" and 1 "behaviorally disturbed") exhibited essentially the same agitated behaviors and that significant differences in their levels of agitation arose from the frequency of this "core" group of agitated behaviors. This suggests that the relationships we described here are not unique to the patients we analyzed in the present report. Our findings, together with a growing body of literature, suggest that the possible contribution of mood disturbance and psychosis should be considered in the treatment for AD patients with behavioral disturbance. Recent efforts at deriving classifications for various neuropsychological symptoms in persons with AD 7, 8 have pointed out that it is inappropriate to lump these together; it may similarly not serve to create syndromes or subgroups that may lead future study designers to overlook the cooccurrence of important symptom types. Furthermore, it is possible that interventions along multiple symptom dimensions may be more efficacious than treatment of one type. For example, Kunik et al 21 
